Hyperglycemia is common in hospitalized patients, and multiple studies have established that it is an independent risk factor for poor clinical outcomes in patients with and without diabetes (1) (2) (3) (4) (5) (6) (7) (8) (9) . Intensive management of hyperglycemia, particularly in the intensive care unit (ICU) setting, has been implemented in hospitals with the goal of decreasing the number of adverse outcomes. Several, but not all, clinical trials have shown morbidity and mortality benefits from intensive inpatient hyperglycemia management (blood glucose [BG] goal 80-110 mg/dL), even in individuals without a history of diabetes (10-15). Subsequently, other large, multicenter studies showed increased rates of hypoglycemia without morbidity/mortality benefits with the 80-110 mg/dL BG goal (16) (17) (18) .
Given the inconsistent results from various randomized controlled trials and the variability in hypoglycemic outcomes, there were calls for a reevaluation of the risks and benefits of intensive glycemic control in critically ill medical and surgical patients (19, 20) . This led to a recommendation by the American Association of Clinical Endocrinologists and the American Diabetes Association for higher targets for glycemic control in inpatients (21) . This new guideline recommended a BG target of 140-180 mg/dL, with 110-140 mg/dL being marked as acceptable in certain centers with considerable experience with such management. Because of our prior extensive experience and studies at Northwestern Memorial Hospital (NMH) demonstrating the safety of intravenous insulin protocols with a BG target of 80-110 mg/dL (22, 23) , we decided to change to the 110-140 mg/dL target. As a result, the intravenous insulin infusion and subcutaneous injection protocols used by our Glucose Management Service (GMS) at NMH were modified in 2009, so that the target BG levels for the intravenous protocol would be 110-140 mg/dL instead of 80-110 mg/dL, and the fasting and preprandial glucose levels during the subcutaneous insulin protocol would be 110-180 mg/dL instead of 80-150 mg/dL.
There is a paucity of data reported on glycemic and clinical outcomes after these changes in glycemic control recommendations. The goal of this study is to examine retrospectively glucose and cardiac outcomes before and after this glycemic target management change in patients undergoing cardiac surgery. With these protocols, a bolus followed by a continuous infusion of regular insulin was given when the postoperative glucose levels were found to be greater than these thresholds, the doses being proportional to the level of glucose. Insulin doses were increased or decreased at hourly intervals for changes in glucose levels according to the protocol directions. Patients were converted to subcutaneous insulin when transferred to the floor from the ICU and when eating. Generally, the steady-state rate of insulin infusion at the time of conversion was converted into a daily rate, the intravenous infusion was stopped, and 80% of this amount of insulin was given as insulin glargine subcutaneously and 10% as lispro or aspart insulin subcutaneously as a bridging dose. On the day of conversion, this same 10% dose of rapid-acting insulin was given subcutaneously preprandially. On subsequent days, the doses of insulin glargine and lispro/aspart were generally reduced by ;20% per day, depending upon the clinical situation of the patient as judged by the GMS (22, 23) . The fasting and premeal targets during subcutaneous treatment were 80-150 mg/dL for the 80-110 group and 110-180 mg/dL for the 110-140 group.
RESEARCH DESIGN AND METHODS

Study
Patients undergoing procedures that included glucocorticoid administration intraoperatively and postoperatively (including, but not limited to, cardiac transplantation, aortic arch repair, and MAZE procedure) were excluded. Data for 1,340 patients were obtained from the EMR of patients seen by our GMS and the Cardiovascular Research Database (CARD) in the Clinical Trial Unit of the Bluhm Cardiovascular Institute at NMH. CARD was approved by the Northwestern University Institutional Review Board, and only subjects consenting to participation in CARD were included in the analysis.
Of the initial 1,340 potential participants identified with complete data, 15 were excluded prior to comparison between the two groups, as follows: 11 for receiving steroids equivalent to .20 mg of prednisone, and 4 for surgery times that were considered outliers (2 for surgery lasting .12 h, and 2 for surgery lasting ,100 min).
Glucose (laboratory and point-ofcare) and insulin data were collected using the Northwestern Medicine Enterprise Data Warehouse. Ten percent of charts were manually reviewed by a medical provider to verify the accuracy of both glucose and outcome data. Mean daily BG levels, mean BG levels on the intravenous insulin drip, and mean BG levels on the first 3 days of subcutaneous insulin administration were calculated. Moderate hypoglycemia was defined as BG levels ,70 mg/dL, and severe as BG levels ,40 mg/dL.
The primary analysis was a comparison of the mean glucose levels for the first 3 days postoperatively (mean 3 day glucose) between the two groups studied: before (the 80-110 group) and after (the 110-140 group) the change in glycemic control targets. Secondary analyses were before/after group comparisons involving the following: 1) the number of patients in whom hypoglycemia developed (BG ,70 mg/dL and BG ,40 mg/dL) each day and 2) postoperative complications (within 30 days of the date of surgery) (e.g., postoperative mortality; deep sternal wound infections; other infections; pulmonary, renal, cardiac, or neurological complications; and hospital readmission within 30 days of the initial surgical procedure).
Statistical Analyses
Continuously distributed data, including baseline patient characteristics, surgical procedures, frequency of hypoglycemia, and postoperative complications, were summarized using means and SDs. Binary distributed variables are presented in the form of counts and percentages. Group comparisons were based on twosample t tests with unequal variance, the Wilcoxon rank sum test (continuous data) or tests for binomial proportions (binary data). Long-term all-cause mortality was summarized using the KaplanMeier estimators, and groups were compared using the log-rank test. Statistical significance was declared at the two-sided 5% a-level, and there were no adjustments for multiplicity.
RESULTS
The demographic characteristics of the study population are shown in Table 1 . Of the 1,325 patients, 667 were in the 80-110 group and 658 were in the 110-140 group. There were significantly higher proportions of patients with diabetes, hypertension, and dyslipidemia, but a smaller proportion with cigarette smoking in the 110-140 group. The types of cardiac surgery performed are shown in Supplementary Table 1. All patients had undergone coronary artery bypass grafting and/or valve procedures but could also have undergone other procedures that were performed concomitantly, as noted in Supplementary Table 1 . There were no significant differences in the proportions undergoing elective surgery. However, the mean operative time was significantly longer in the 80-110 group (300.1 6 92.9 vs. 281.4 6 92.5 min, P , 0.001).
Preoperative BG values were similar for the 80-110 and 110-140 groups (117 6 41 vs. 119 6 41 mg/dL, P = 0.46), respectively (Fig. 1) . The immediate postoperative BG levels (on ICU admission and prior to insulin infusion) were significantly higher in the 110-140 group (152 6 48 vs. 169 6 43 mg/dL, P , 0.001). The BG values averaged for the first 3 days postoperatively were significantly higher in the 110-140 group (127 6 15 vs. 141 6 17 mg/dL, respectively [P = 0.001], for the 80-110 and 110-140 groups). The mean BG levels while patients were on the insulin drip were 121 6 15 and 142 6 15 mg/dL, respectively (P , 0.001), in the 80-110 and the 110-140 groups. The mean BG levels for patients receiving subcutaneous insulin were 130 6 23 and 134 6 24 mg/dL, respectively (P = 0.001), in the 80-110 and 110-140 groups.
Severe hypoglycemia (BG level ,40 mg/dL) occurred in only four patients (one in the 80-110 group and three in the 110-140 group). Moderate hypoglycemia (BG level ,70 mg/dL) occurred in fewer patients in the 110-140 group compared with the 80-110 group (177 vs. 73, P = 0.04), mainly due to differences occurring on postoperative day 1 ( Table 2) .
Postoperative complications (within 30 days of surgery) are shown in Table 3 . There were no significant differences in outcomes, including mortality, between the two groups, except for reintubation rates. Kaplan-Meier curves showed no significant differences between the groups in long-term all-cause mortality (Fig. 2) .
CONCLUSIONS
It is well established that hyperglycemia in hospitalized patients is associated with poor outcomes and is common regardless of diabetes status (1) (2) (3) (4) (5) (6) (7) (8) (9) . In cardiac surgery patients, those patients who have diabetes have been found to have higher rates of complications, such as prolonged ICU stay, deep sternal wound infection, perioperative stroke, and renal dysfunction (11) . Hyperglycemia per se, independent of diabetes status, has been associated with double the infection rate and higher rates of mortality (1). Furnary et al. (11) have shown that patients who had mean glucose levels of .150 mg/dL in the first 3 days after cardiac surgery have twice the infection rate and 13 times the mortality compared with normoglycemic patients. In our previous studies at Northwestern University (22, 23) , using intravenous and subcutaneous insulin regimens with the previous target glucose level of 80-110 mg/dL with a GMS consultation, we have shown that the postoperative complication rates for patients undergoing cardiac surgery were similar in diabetic and nondiabetic subjects, unlike the very high levels of complications in diabetic patients found by others when glycemic control was not achieved (14) . van den Berghe et al. (10) first reported a 42% reduction in mortality in surgical ICU patients (87% without diabetes) when they were randomized to an intensive control group (BG level 80-110 mg/dL) versus a conventional group (BG level ,180 mg/dL). Sepsis, ICU stay, need for dialysis, duration of ventilation, and wound infection were also significantly reduced (10). Using the same protocol, however, this group showed mortality benefits from intensive glucose control in patients requiring medical ICU care only for ICU stays of $3 days and not for shorter periods (24). Moreover, results from several subsequent large, randomized, clinical trials (16) (17) (18) examining intensive glycemic control in mixed or nonsurgical ICUs showed no benefit and, in some studies, even harm. A meta-analysis (25) of 29 randomized controlled trials has shown that hypoglycemia rates are fivefold to sixfold higher in intensively treated patients compared with conventionally treated patients.
The results of these subsequent studies led to a change in glycemic target level recommendations by the American Diabetes Association and the American Association of Clinical Endocrinologists in 2009 (21) . Following these new recommendations, our GMS changed the glycemic targets of hyperglycemia treatment during insulin infusions from 80-110 to 110-140 mg/dL. However, the question remained as to whether this change would affect hard clinical outcomes. There has been a paucity of data comparing the two targets in terms of both clinical and glycemic outcomes. This study retrospectively examined glucose and cardiac outcomes before and after this glycemic target change in cardiac surgery patients and showed that, although BG levels were slightly higher with the less strict glucose target protocol, there were no increases in 30-day mortality or other surgical complications or long-term mortality.
However, moderate hypoglycemia (BG level ,70 mg/dL) occurred significantly less often with the 110-140 mg/dL protocol on the first postoperative day, but not on the second and third days. Severe hypoglycemia (BG level ,40 mg/dL) was rare (one patient in the 80-110 group and three patients in the 110-140 group). A similar reduction in hypoglycemia has been shown with a change in BG target of 90-120 to 120-160 mg/dL by others (26) .
Limitations of this study include that it is retrospective and was completed at a single tertiary care institution with a supporting GMS/Endocrine Service, which has been adept at the use of both insulin and subcutaneous protocols since 2004. In addition, we have amended our protocols to the acceptable goal target of 110-140 mg/dL, as opposed to a higher target of 140-180 mg/dL. Although we think that the lower rates of hypoglycemia postoperatively in the 110-140 group were due to this higher target, it is also possible that the higher BG level in the immediate postoperative period in this group contributed to that result as well. It is uncertain as to why the postoperative BG levels were different in the two groups, but it is possible that the variable intravenous bolus administration of insulin by the anesthesiologists intraoperatively may have contributed to this difference.
In conclusion, our results support the higher glycemic target of 110-140 mg/dL as being safer, with significantly Data are expressed as n (%), unless otherwise indicated. fewer instances of hypoglycemia, and no significant differences in mortality/ morbidity compared with the stricter target of 80-110 mg/dL.
